How nonalcoholic fatty liver disease (NAFLD) is linked to atherosclerosis is still disputed. This study aimed to explore the association between NAFLD and atherosclerosis among adults in Shandong province, China.
Introduction
Nonalcoholic fatty liver disease (NAFLD) encompasses a wide spectrum of liver diseases, including simple steatosis, nonalcoholic steatohepatitis (NASH), liver fibrosis, liver cirrhosis, and hepatocellular carcinoma. [1] NAFLD is associated mainly with obesity, diabetes, dyslipidemia, and insulin resistance, which are the main features of metabolic syndrome also. Therefore, NAFLD is considered to be the hepatic manifestation of metabolic syndrome. [2] NAFLD is associated not only with liver-related morbidity and mortality but also with an increasing risk of cardiovascular disease (CVD). [3] The majority of deaths in NAFLD patients are related to CVD. [4] NAFLD is closely related to the risk factors for CVD, but it is unclear whether NAFLD is independently related to atherosclerosis. How NAFLD is linked to atherosclerosis is still disputed. It is very interesting to know whether NAFLD can act as a causal risk factor for atherosclerosis or an intermediate phenotype in the metabolic syndrome pathway, or whether it is just an isolated disease sharing common metabolic characters with atherosclerosis.
Carotid intima-media thickness (CIMT) measurement obtained using ultrasound is a noninvasive imaging method used to directly identify clinical and preclinical atherosclerosis in human arteries, and to identify the presence of carotid plaques. [5, 6] The presence of carotid plaques reflects the overall atherosclerotic burden, [6] with CIMT being a marker of early atherosclerosis. [5] This study was performed to investigate whether NAFLD is independently associated with atherosclerosis, and also to explore the metabolic characteristics of patients with NAFLD and atherosclerosis.
Methods

Participants
This community-based study was designed and used to investigate the epidemiology of metabolic diseases in Shandong province, China between July and December 2014. Eligible residents from each community or village were those who were aged ≥18 years and had been living in their current residence for 5 years or longer. They were invited to participate in the screening examination. Individuals with excessive alcohol consumption (≥140 g/w for men and ≥70 g/w for women) were excluded. Individuals with viral hepatitis or other liver diseases were also excluded from this study. Other exclusion factors included participants with diseases that could affect their metabolic state and thyroid status or diseases that made the individuals unsuitable for this study, such as pregnancy, lactation, mental illness, severe cardiac diseases, pulmonary or renal insufficiency, and cancer.
A total of 8922 subjects were invited to participate in the screening examination. Among them, 278 subjects were excluded for missing vital data such as age, gender, body mass index (BMI), liver and carotid artery ultrasound, or blood specimen; 1723 subjects were excluded from analysis because of excessive alcohol consumption; 46 subjects were excluded for chronic liver diseases such as viral hepatitis, liver cancer, autoimmune liver disease, and similar conditions; 18 subjects were excluded for chronic renal failure; and 8 subjects were excluded for chronic heart failure; 45 subjects were excluded for abnormal of thyroid function or taking any thyroid hormone, anti-thyroid drugs in the past 3 months; 12 subjects were excluded for cancer and 9 subjects were excluded for pregnancy or lactation. Finally, 6849 individuals were enrolled in the final analysis.
The study was approved by the local ethics committee and was done in accordance with the Helsinki Declaration of 1975. Written consent was obtained from each participant before data collection.
Data collection
Data collection was conducted in examination centers of local health stations in the residential areas of the participants. Trained medical staff interviewed all participants face to face and collected data concerning demographic characteristics, medical history, and health-related lifestyle behaviors using a wellestablished questionnaire. The questionnaire was made according to cardiovascular survey methods (World Health Organization, Geneva, 2004). Current smoking was defined as those smoking cigarettes at the time of the survey. Current drinking was defined as alcohol intake of more than once per month during the last 12 months. Physical activity was assessed using the Global Physical Activity Questionnaire and measured using the metabolic equivalent. [7] Weight was in kilogram and height in meter. The participants were required to be in light clothing, footwear removed, and pockets emptied. Waist circumference (WC) was measured in centimeters midway between the lower edge of the costal arch and the upper edge of the iliac crest of participants in the standing position. BMI was calculated as weight (kg) divided by square of height (m). Resting blood pressure was measured 3 times at 2-minute intervals using an electronic sphygmomanometer (HEM-7117; Omron, Kyoto, Japan). Participants were in a sitting position with arms at the height of heart. The average of 3 readings was required for further data analysis.
Blood samples were collected after an overnight fast of at least 10 hours. Each participant without a self-reported history of diabetes was given an oral glucose tolerance test. Plasma glucose was measured at 0 and 2 hours after administration during the test. Blood specimens were centrifuged and measured on site within 2 hours after collection. Serum samples on dry ice were shipped to the central laboratory. Hemoglobin A1c (HbA1c) was measured by high-performance liquid chromatography using the VARIANT II Hemoglobin Testing System (Bio-Rad Laboratories). The participants' serum lipid profiles and renal function were measured using the ARCHITECT ci16200 Integrated System (Abbott, IL).
Ultrasound examinations of the participants' livers and carotid arteries were conducted. All the ultrasound examinations were performed by an experienced radiologist who was blinded to the laboratory and clinical data during the procedure. Liver ultrasounds were performed to assess the presence of hepatic steatosis. Common carotid arteries were scanned bilaterally by a color ultrasonic apparatus equipped with a 9-MHz linear-array transducer (Toshiba Aplio 500 Ultrasound Scanner). CIMT was defined as the distance between the blood-intima and mediaadventitia interfaces on the wall of the artery. A carotid plaque was defined as a focal structure that encroached into the arterial lumen of at least 0.5 mm or 50% of the surrounding CIMT value or demonstrated a thickness >1.5 mm as measured from the media-adventitia interface to the intima-lumen interface. [8] Atherosclerosis was defined as the presence of focal plaques or diffuse thickening of the carotid wall (CIMT >0.9 mm). [9, 10] Research subjects rested in the supine position with head tilted backward, while the study was performed in a temperaturecontrolled room (25°C). Two different longitudinal-view observations of the bilateral carotid artery were made at the following points: common carotid artery (10 mm proximal to the bulb) and bulb (10 mm cranial to the start of the bulb). During the process, the anterior and posterior walls of both sides of the carotid artery were measured 3 times, and the average was taken for use. Hence, a total of eight readings were obtained. The average CIMT (CIMTave) were used for analysis for it's less susceptible to outliers.
Disease definition
This study defined diabetes, impaired fasting glucose (IFG), and impaired glucose tolerance (IGT) according to the 2010 criteria of the American Diabetes Association. [11] Hypertension was based on the Seventh Report of the Joint National Committee. [12] Dyslipidemia was defined according to the American Association of Clinical Endocrinologists' guidelines. Based on these guidelines, serum lipid concentration levels were classified into 3 categories: optimal, borderline, and high-risk. [13] Normal weight was defined as a BMI of 18.5 to 23.9. Overweight was defined as a BMI of 24.0 to 27.9, and obesity was defined as a BMI of 28.0 or higher. The metabolic syndrome was categorized according to the criteria defined by the National Cholesterol Education Program, Adult Treatment Panel III (NCEP, ATPIII). [14] NAFLD was defined as the presence of hepatic steatosis on ultrasonography [15, 16] in the absence of elevated alcohol consumption. Atherosclerosis in this study was defined as the presence of carotid artery plaque and/or CIMT ave >0.9 mm scanned by ultrasound.
Statistical analysis
Research subjects were classified into 2 groups according to presence or absence of NAFLD. Demographic and biochemical indexes were described in the overall population and subgroups according to gender, by using counts (percentages) for categorical variables and means ± standard deviation (SD) or median (interquartile range) for continuous variables. Differences between the 2 groups were analyzed by using the independentsamples t test (normal distribution, independent samples) or the Wilcoxon Mann-Whitney test (skewed data) for continuous variables and the Chi-square test (x 2 -test) for categorical variables. Odds ratios (ORs) for atherosclerosis in each group were determined based on logistic regression analyses. Multivariable logistic regression was used to analyze the associations between NAFLD and atherosclerosis for different thresholds.
Independent risk factors of NAFLD and atherosclerosis were determined with univariate and multivariate logistic regression analyses. Variables, including gender, age, household income, physical activity, drinking, smoking, BMI, wWC, total cholesterol (TC), triglyceride (TG), low-density lipoprotein cholesterol (LDL-c), high-density lipoprotein cholesterol (HDL-c), uric acid (UA), alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-glutamyltransferase (GGT), alkaline phosphatase (ALP), creatinine, hypertension, and diabetes, were drawn into the univariate logistic regression model to choose statistically significant variables. Selected variables were then drawn into multivariate logistic regression, and independent risk factors were found.
The subjects were further divided into 4 groups according to the presence or absence of NAFLD alone or in combination with atherosclerosis. The differences in the demographic and biochemical indexes between the 4 groups were analyzed using analysis of variance for continuous variables and Chi-squared tests (x 2 -test) for categorical variables.
Data were analyzed with SPSS 23 software. A 2-sided P value less than .05 was considered significant.
Results
General characteristics of the participants
A total of 6849 subjects participated in the study. Their average age was 51.67 (±13.17) years, and 26.8% of them were males. Based on the ultrasound criteria, 2347 subjects (34.3%) were found to have NAFLD, and 1538 subjects (22.5%) were found to have atherosclerosis. The proportions of participants with diabetes, hypertension, and obesity in this cohort were 24.8%, 43.7%, and 22.7%, respectively. Table 1 shows the clinical, anthropometric, and biochemical characteristics of all subjects, as well as the detailed results of the comparative analysis among patients with and without NAFLD according to gender. When compared with people without NAFLD, patients with NAFLD had features of higher values for BMI, systolic blood pressure, diastolic blood pressure, LDL-c, TG, ALT and AST levels, and lower HDL-c levels.
Comparison of atherosclerosis risk factors for subjects with and without NAFLD in men and women
As shown in Table 2 , patients with NAFLD had a greater prevalence of diabetes, dyslipidemia, hypertension, obesity, and metabolic syndrome. Patients with NAFLD had a higher prevalence of arteriosclerotic dyslipidemia with lower HDL-c and higher TG and cholesterol levels. NAFLD patients had more risk factors for atherosclerosis.
Comparison of the risk factors for the presence of NAFLD and atherosclerosis, according to logistic regression analyses
A logistic regression analysis was performed to investigate factors that independently related to the prevalence of NAFLD and atherosclerosis in patients. Hypertension, BMI, WC, TG, LDL-c, HDL-c, ALT, GGT, UA, and diabetes were found to have a significant influence on NAFLD. Meanwhile, age, male, smoking, diabetes, IFG, IGT, hypertension, and LDL-c significantly contributed to the prevalence of atherosclerosis. Hypertension, diabetes, and higher serum LDL-c level were positively correlated with NAFLD with an OR (95% CI) of 1.325 (range 1.157-1.518) for hypertension, an OR of 2.153 (range 1.814-2.555) for diabetes, and an OR of 1.161 (range 1.071-1.259) for LDL-c. Hypertension, diabetes, and higher LDL-c were positively correlated with atherosclerosis. An OR (95% CI) of 1.501 (range 1.286-1.751) for hypertension, 1.716 (range 1.414-2.084) for diabetes, and 1.344 (range 1.231-1.466) for LDL-c was noticed (Table 3) .
Multivariable-adjusted analyses and the absence of an independent association between atherosclerosis and NAFLD
Univariate and multivariate logistic regressions were performed to assess whether an independent association existed between NAFLD and atherosclerosis. There was no independent correlation between NAFLD and atherosclerosis after adjusting for age, sex, presence of hypertension or diabetes, smoking status, creatinine level, BMI, WC, alcohol consumption, and lipid level (Table 4) . Given the significant differences in age and sex in the distribution of atherosclerosis, age-and sex-stratified regression analyses were also performed. No independent association was observed between atherosclerosis and NAFLD in each stratified analysis (Table 4) .
3.5.
Comparison of the metabolic characteristics for subjects in the 4 groups according to the presence or absence of NAFLD alone or in combination with atherosclerosis
Patients with NAFLD in combination with atherosclerosis were found to have a more severe metabolic burden and chances of having hypertension, diabetes, dyslipidemia, and higher metabolic syndrome scores than those in the other groups ( Figs. 1 and  2 ; Table 5 ).
Discussion
Whether NAFLD is an independent risk factor for CVD is an interesting and controversial topic. Recent survival studies suggest that NAFLD patients have a significantly higher allcause and CVD-related mortality as compared with the general population. [17, 18] Cardiac-related death is one of the leading Table 2 Comparison of atherosclerosis risk factors for subjects with and without nonalcoholic fatty liver disease in men and women respectively. Data are present as number (%). Categorical variables were compared by using the x-squared test. HDL-c = high-density lipoprotein cholesterol, LDL-c = low-density lipoprotein cholesterol, NAFLD = nonalcoholic fatty liver disease, TC = total cholesterol, TG = triglyceride. Table 1 Comparison of clinical characteristics for subjects with and without nonalcoholic fatty liver disease in men and women respectively. Data are present as mean (SD) or number (%). Continuous variables were compared by using the Student's t test and categorical variables by using the x-squared test. ALP = alkaline phosphatase, ALT = alanine aminotransferase, AST = aspartate aminotransferase, BMI = body mass index, Cr = creatinine, DBP = diastolic blood pressure, FPG = fasting plasma glucose, GGT = glutamyltranspeptidase, HbA1c = hemoglobin A1c, HDL-c = high-density lipoprotein cholesterol, LDL-c = low-density lipoprotein cholesterol, NAFLD = nonalcoholic fatty liver disease, SBP = systolic blood pressure, TC = total cholesterol, TG = triglyceride, UA = uric acid, WC = waist circumference. Table 3 Comparisons of risk factors for presence of nonalcoholic fatty liver disease and atherosclerosis. Data are present as odds ratio (OR), 95% confidence interval (CI) and significance (P value). * Risk factors for presence of nonalcoholic fatty liver disease (NAFLD). † Risk factors for presence of atherosclerosis. ‡ Common risk factors for NAFLD and atherosclerosis. ALT = alanine aminotransferase, BMI = body mass index, Cr = creatinine, DBP = diastolic blood pressure, GGT = glutamyltranspeptidase, HDL-c = high-density lipoprotein cholesterol, IFG = impaired fasting glucose, IGT = impaired glucose tolerance, LDL-c = low-density lipoprotein cholesterol, NAFLD = nonalcoholic fatty liver disease, SBP = systolic blood pressure, TG = triglyceride, UA = uric acid, WC = waist circumference. Table 4 Logistical regression analysis of nonalcoholic fatty liver disease and risk for presence of atherosclerosis. Data are present as coefficient (B), corresponding standard error (SE.), odds ratio (OR), 95% confidence interval (CI) and significance (P value).
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Model 1:univariate model; model 2: adjust for age and gender; model 3: adjust for age, gender, house yearly income, drinking, smoking, physical activity, BMI, WC, TG, HDL-c, LDL-c, ALP, Cr, UA, prevalence of hypertension and diabetes mellitus.
Han com causes of death in patients with NAFLD. [4, 19, 20] Moreover, NAFLD has been associated with a greater risk of non-fatal CVD events and 26% higher 5-year overall health care costs, mainly due to cardiometabolic diseases. [21] Therefore, some researchers have pointed out that NAFLD is likely associated with increasing CVD risk and have raised the possibility that NAFLD might be not only a marker but also an early mediator of atherosclerosis. [22, 23] There is some epidemiological evidence linking NAFLD to CVD. Besides that, some studies provide the evidence of a strong association between NAFLD and subclinical manifestations of atherosclerosis (thickened intima-media layer, endothelial dysfunction, arterial stiffness, impaired left ventricular function, and coronary calcification). [18] But the observation has not always remained constant, as some studies have had conflicting inferences. [24] [25] [26] [27] [28] Based on CIMT evaluation and the presence of carotid artery plaques, this study observed that NAFLD was not independently associated with carotid atherosclerosis. Different conclusions might be attributed to differences in the study designs and the population enrolled. Some findings suggest that the degree of liver fibrosis is related to clinical outcomes in NAFLD patients, and simple steatosis has a benign clinical course. [29] This helps to partly explain why no independent association between NAFLD and CVD was concluded in some epidemiological investigation of the general population, and why NAFLD can exert more deleterious influence on the risk of CVD in patients with comorbid type 2 diabetes mellitus who are often worse in terms of histopathological changes. [30] This study further showed that NAFLD and atherosclerosis have common but distinct metabolic characteristics. Typical atherogenic dyslipidemia was detected in patients with NAFLD, characterized by higher serum TG and LDL-c levels and lower serum HDL-c level. Moreover, a higher serum LDL-c level was more dominant in patients with atherosclerosis. Also, hypertension and diabetes were common risk factors. Age and smoking were crucial for atherosclerosis but not for NAFLD. However, obesity and higher serum UA concentration were more crucial for NAFLD. As observed in this study, the majority of patients with NAFLD were overweight or obese or had type 2 diabetes or atherogenic dyslipidemia. NAFLD is not only a hepatic manifestation of metabolic syndrome [2, 31] but is also bidirectionally linked with metabolic syndrome as a consequence of metabolic abnormalities and is a trigger of further metabolic abnormalities. [32] This study found that NAFLD adversely influences the metabolic burden and also verified that atherosclerosis accompanied by NAFLD had higher risk for metabolic syndrome, dyslipidemia, diabetes, and hypertension. Patients with NAFLD should be candidates for not only the aggressive treatment of their liver disease but also for the aggressive treatment of the underlying risk factors. Table 5 Comparisons of clinical characteristics for subjects in the 4 groups according to the presence or absence of nonalcoholic fatty liver disease alone or in combination with atherosclerosis.
Characteristic
Normal(n = 3644) NAFLD(n = 1940) AS(n = 858) NAFLD+AS(n = 407) Although CVD risk level is not the same across the entire histological and clinical spectrum of NAFLD, [33] both NAFLD and atherosclerosis share common pathological mechanisms in their disease progression. An imbalance of lipolysis and lipogenesis is considered to be the initiating mechanism of metabolic disorders, including NAFLD and atherosclerosis. [34] The multiple parallel hit theory has been suggested, in which mechanisms such as ectopic fat accumulation, insulin resistance, oxidative stress, inflammation, and imbalanced secretion of cytokines act in both parallel and cascade ways in the development of NAFLD; [35] these mechanisms also facilitate the development of atherosclerosis and CVDs. Interesting new evidence has led researchers to consider NAFLD as an early marker of endothelial dysfunction, and they have suggested that the evolution of NAFLD might worsen endothelium-dependent vasodilation responses in metabolic syndrome-related hypertension. [36] Shared pathological mechanisms link atherosclerosis and NAFLD together. It is plausible to hypothesize that the same pathways generating NAFLD might also lead to atherosclerosis. As these conditions proceed, the liver may be involved as target of metabolic abnormalities on 1 hand, and on the other hand is responsible for an adverse metabolic burden, with a consequent vicious circle. Although no "cause-and-effect" relationship for NAFLD and atherosclerosis was drawn from this study, the development and evolution of NAFLD may accelerate the progression of atherosclerosis in many ways.
Steatosis is considered a benign reversible event, whereas NASH has the potential to lead to cirrhosis and substantially influence overall mortality, mainly due to higher CVD events. [37] As many as 10% to 25% of patients with liver steatosis progress to NASH. [1] The reversible characteristics of steatosis have led to the belief that NAFLD might be a key point in the development of metabolic disease. Abdominal ultrasonography has been shown to have a sufficient degree of diagnostic accuracy for fatty liver. [38] It is convenient to perform in clinical practice and is noninvasive. Early detection of NAFLD and subsequent intervention should be encouraged, especially for patients with CVD risk factors, to reduce metabolic burden.
Several limitations of this study should, however, be acknowledged. First, this was an observational study on a cross-sectional population, which could demonstrate only an association but not causality. Second, this study used ultrasonography to detect hepatic steatosis. Although this technique is widely used in epidemiological surveys of NAFLD, because of its safety and economical and practical utility, it has limited accuracy in detecting mild steatosis compared with liver biopsy, which is considered the gold standard. Third, Insulin plasma levels and HOMA index were not evaluated in this study for too much missing data of insulin plasma levels regrettably. In the future study, we will further introduce indicators that reflect insulin resistance, oxidative stress, inflammation, and imbalanced secretion of cytokines for further investigation of pathophysiological hypothesis. Besides, we will further investigate the association between different stages of NAFLD and atherosclerosis in populations in a future longitudinal study.
In conclusion, NAFLD and atherosclerosis share similar pathological mechanisms and have common but also proprietary metabolic characteristics. Moreover, atherosclerosis accompanied by NAFLD has more adverse metabolic burdens than atherosclerosis alone. In clinical work, early detection and intervention of NAFLD should be encouraged, especially for patients with CVD risk factors, to reduce their metabolic burdens. In NAFLD patients, more attention should be focused on systemic metabolic states and CVD risk levels in addition to liver disease.
